Introduction {#s1}
============

Health problems concerned about bad smell at workplace has changed recently. Though formerly main target was to prevent/manage exposures to high dose toxic chemicals contaminated in the workplace environment, now the issues are changed to control low dose indoor chemicals for making the workplace comfortable, or for preventing health problems[@bib_001], [@bib_002]^)^. Office environment is the major target of this issue, where most chemical exposures are by low dose inhalation and complaints are mainly from smell. The web investigation about the smell discomfort at workplace performed to 500 Japanese men and women of 20--50 yr old working at office environment, reported that about 80 percent felt dissatisfaction against the body odor of the fellow workers[@bib_003]^)^.

When we look from public perspective, general market nowadays shows increasing interests to the products with odor, such as shampoos, softening agents for cloths, or incenses for relaxing[@bib_004]^)^. And there is growing number of people who have psychological and physiological complaints or displeasure against the smell with low doses of chemicals, which do not have toxic effects. For example, by the telephone survey to 1,000 or more people in the U.S., it was reported that 30.5% of participants have experienced irritation by fragrance from others, and 19% have been worried about the health effects from aromatic compounds of others[@bib_005]^)^. These results suggest that some odors can become stressor even if the concentrations are very low[@bib_006]^)^. Furthermore, some studies pointed out that smell can induce not only stress but also illness[@bib_006], [@bib_007]^)^. Multiple chemical sensitivity (MCS)[@bib_008]^)^, which have been proposed to occur by exposure to extremely low-concentration of chemicals, and sick-building syndrome (SBS)[@bib_007]^)^, which is intimately related to low level exposure to workplace chemicals, are recognized as a health problem related to unpleasant smell, because appearance of sick conditions and exposure to unpleasant odors are closely connected in both cases[@bib_002], [@bib_007], [@bib_009], [@bib_010]^)^. However the dispute on whether a cause is direct toxicities of chemical substances or a smell related psychological response is not yet settled.

Many volatile chemicals are sensed by their smell even though the level is under the Threshold Limited Values (TLVs)[@bib_011]^)^. For example, TLV and odor threshold of toluene are 20 and 0.16 ppm (v/v), respectively, and those of xylene are 100 and 0.49 ppm (v/v)[@bib_012]^)^. In fact, some organic solvents including toluene and xylene are identified as causative agents of the SBS[@bib_010]^)^ and also, they are suspected to induce the MCS[@bib_008]^)^. Some researchers pointed out that the health effects could appear by those chemicals with much lower level than the TLV if the occurrence of sickness is related to the smell of chemicals[@bib_013]^)^.

To promote the research on the health effects induced by smell, it is important to develop effective animal experiments that can evaluate the response of animals to the smell of chemicals at very low concentration level. Many animal studies reported about toxic effects of chemicals which have smells and a lot of scientific knowledge about them has been accumulated so far. However, there have been few animal studies that investigated health effects derived from smell itself. Because experiments using gas phase odorants were always faced to some physiological, procedural and mechanical difficulties. Habituation to the smell disturbs reproducibility; a certain level of dilution requires complicate procedure and measurement of extremely low concentration needs sophisticated analytical instruments. One of our authors intended to detect odor threshold value of toluene of mice by a toluene gas dilution technique. Although the detected concentration was not accurate because of the limitation of the dilution method, it was lower than 500 ppb[@bib_014], [@bib_015]^)^. In addition, it was reported that rats showed high sensitivity to organic solvent such as xylene under the conditioned odor aversion procedure even though the concentration was very low[@bib_016]^)^. In this paper, we will introduce a simple method to quantitatively determine the odor threshold level, but not the absolute value, using water solution.

Since the early works of Garcia and colleagues[@bib_017]^)^, the conditioned taste aversion (CTA), which is one of the classical conditionings, have extensively been used in a variety of situations[@bib_018]^)^. The CTA can be understood as the process of learning about the temporal and/or causal relationship between external (e.g., tastes or foods, and chemicals) and internal (e.g., emotional or physical changes) stimuli. In classical conditioning, the conditioned stimulus (CS) is a previously neutral stimulus that, after becoming associated with the unconditioned stimulus (US), eventually comes to trigger a conditioned response (CR). This process enables the organisms to use the appropriate preparatory set of responses before biologically significant events occur[@bib_019]^)^. The CTA is frequently used as a behavioral index of toxicosis of chemicals[@bib_020], [@bib_021]^)^. The typical CTA phenomenon goes as follows. When an ingestion of tastant (e.g., saccharin, sucrose solutions, or appetizing food)[@bib_022], [@bib_023], [@bib_024]^)^ or flavor stimulant (e.g., essences of vanilla, almond or orange)[@bib_025], [@bib_026], [@bib_027]^)^ mixed water is followed by toxicosis induced by a drug, the consumption of tastant or flavor stimulant mixed water decreases[@bib_023], [@bib_028], [@bib_029]^)^. In this associative learning paradigm, the CS is the gustatory (and/or olfactory) stimulus provided by the tastant or flavor stimulant and is assumed to have become associated with the aversive US that is the malaise induced by toxic agents[@bib_030], [@bib_031]^)^. The CR is the suppression of CS inducing solution intake.

In the present study, we established a conditioned odor aversion (COA), which was a slightly modified procedure of the CTA, applied to investigate smell perception in rat. We investigated the COA response of animals, xylene in water solution as the odor CS and LiCl intra-peritoneal injection as adverse US. As a result, the COA responses were induced by the xylene level at which no gustatory response was observed. This result suggested that the olfactory of animal can be measured by the COA procedure.

Methods {#s2}
=======

Experimental animals
--------------------

Male Sprague-Dawley rats, 4 wk of age, were purchased from Charles River (Yokohama, Japan). Each was housed in a suspended stainless-steel cage in a vivarium maintained at a temperature of 20°C with a 12:12 light cycle (8:00 -- 20:00 was the light cycle). Food was available *ad libitum*. After 5 d of acclimation, water deprivation procedure was started. During the water deprivation, water tubes connecting to the rat's home cage was opened from 16:00 for 60 min per day. After the 5-d of water deprivation, a bottle training was introduced. Animals were trained to drink from glass bottles for 60 min per day in their home cages for another 5 d, and before the conditioning started animals were weighed and randomly allocated to six groups, those were three concentration groups with two US (lithium chloride \[LiCl\] and saline) subgroups each consisted of six animals. The animals' weights were 139.4--198.1 g. During the experiment, we followed the guidelines for the care and use of laboratory animals set forth by the Institutional Animal Care and Use Committee of the Japan National Institute of Occupational Safety and Health. All efforts were made to minimize animal suffering and to use a minimal number of animals. Throughout the experiment, water consumption and the body weight of each rat were measured every day.

Preparation of odor solution
----------------------------

In the present study, low, medium and high concentrations of *p*-xylene (Wako, Japan, \>97% pure) solutions were provided as the CS. Drink water for rats was collected from animal vivarium and autoclaved with 121°C for 20 min. The xylene solutions were made as follows: 100 *μ*l of pure *p*-xylene was diluted up to 1 L by filtered tap water in a glass bottle. Then 900 ml of this solution was taken out from the bottom of the bottle using an extension tube of an intravenous drip and was used as the CS for a high dose group (H). The 100 ml of this solution was diluted to 1 L by filtered tap water. Then 900 ml of the solution was taken out from the bottle with the extension tube. This solution was divided into 900 ml and 100 ml to use as the CS in the medium dose group (M) and for dilution, respectively. Finally, 100 ml of this solution was diluted to 1 L by tap water and used for a low dose group (L). All bottles were shaken overnight by a rotary shaker (NR-2; TAITEC, Japan) with 100 rpm at the dilution and before providing to animals.

Measurement of xylene concentration
-----------------------------------

To examine the validity and the reliability of the dilution method in the present study, xylene solutions with low, medium and high doses for measurements were prepared by the same dilution method mentioned above. Absolute concentrations of solutions were measured by an ultra violet-visible (UV) spectrophotometer (UV-Vis-NIR Spectroscopy UV-3600; Shimadzu, Japan). All solutions were measured with automatic cell driver and spectrum cell design system equipped with quart cells with wavelength ranging 230--300 nm, slit width 2.0 nm, and sampling pitch 0.05 nm. For the high concentration, three glass bottles, A, B and C with 958.76, 952.05 and 937.60 ml of the drink water were prepared. Measured xylene 113, 113 and 91 *μ*l was added to bottles A, B and C, respectively. Calculated concentrations of bottles A, B and C were 117.86, 118.69 and 97.06 ppm, respectively. To make the medium concentration, 9.95 g of xylene solution was taken from the bottle B and mixed with 98.134 g of the drink water in the bottle D. Furthermore a 9.970-mg xylene solution, which was taken out from the bottle D, was mixed together with 97.98 g of the drink water in the bottle E for making the low dose. Calculated concentrations of bottles D and E were 11.8 and 1.2 ppm, respectively. All bottles were shaken overnight with the shaker. Then bottles D and E were divided into three bottles each.

Each bottle was measured three times each on 0, 30, 60, 90, 120 and 240 min after the solution preparation. As the experiment procedure was performed during 30--60 min after the solution preparation, measurement time was selected for comprising the whole experimental procedure. Average concentrations (± SD) of three times were calculated and determined as measured concentrations. The average concentration on each time in each dose was compared with each calculated concentration which was set to 1, expressing the relative concentration.

As standard solutions, xylene solutions diluted with distilled water were measured for acquiring calibration curve. In addition, to examine the validity and the conformity of doses of solutions which were used in the present study, changes of xylene concentration by time progress were calculated with a least square method. With this purpose, xylene concentrations at 120 and 240 min were also measured by the UV spectrophotometer. In the calculation, changes of concentrations in the solutions during 30--60 min after the solution preparation, at which the actual experiment was induced, were obtained. Then maximum concentrations of xylene vapor in the nasal cavity of rats were calculated by evaporated volumes of xylene. Those concentrations might be consumed by rat in the experiment.

The COA procedure
-----------------

The COA procedure was started when animals were 6 wk of age. It consisted of two phases. One was a conditioning and another was a two-bottle test. The conditioning started at 16:00. Animal could access to one of high, medium or low dose of xylene solution from a drink bottle for 30 min. Then as the US, 0.3 M LiCl or the saline was intraperitoneally administered immediately after the 30 min-solution consumption. To avoid dehydration, usual drink water was given for 30 min to the animal 120 min after the US injection. On the next day of the conditioning, the two-bottle test was conducted. Both the conditioning and the two-bottle test were conducted in the home cage.

### Conditioning

As US stimulus, LiCl (Wako, Japan, \>97% pure) was dissolved up to 0.3 M by saline and intraperitoneally injected to animals in LiCl subgroup with 1 ml of volume. To animals in the control group as a counterpart, 1 ml of saline was administered. The conditioning was induced to all animals on the same day. Drink volume of the xylene solution of each animal was calculated by measuring the bottle after the conditioning. About two hours after the conditioning, all animals could access to a pre-weighted glass bottle filled with usual filtered drink water for 30 min. Animal cages were horizontally arranged on the same stage of a rack by the given concentration of xylene solution. Cages in each counterpart (saline injection) subgroup were placed above the LiCl groups. The order of cages was as follows; the first and the second stages contained the low dose groups. Medium dose groups were on the third and the fourth stages. Animal cages of the high dose group were located on the first and the second stages of the other rack. Orders of providing drink bottle and administration of injection were performed from the top to the bottom, from the left to the right, and from one to the other of the rack.

### Two-bottle test

Twenty-four hours after the injection of the LiCl in the conditioning, a two-bottle test was conducted to assess the animals' preference over the xylene solution. In the test, one bottle filled with usual drink water and another bottle with xylene solutions were simultaneously provided for 30 min to animals in all groups. Each bottle was pre-weighed with a burette with a graduation of 0.01 ml. Consumption volume of the CS solution was divided by total liquid intake (volumes of xylene solution plus usual drink water), which was defined as the preference ratio (PR), according to the method described by Danilova and Hellekant[@bib_032]^)^. When the PR was statistically smaller than that of the animal in the counterpart control group, we judged that the conditioning was established.

Statistical analysis
--------------------

Body weights of animals on the first day of their arrival, on the third day of the acclimation, and days of the bottle training, on the conditioning and the two-bottle test in all groups were separately analyzed by one-way analysis of variance (ANOVA). The water consumptions of animals in all groups on the third day of the bottle training were analyzed by one-way ANOVA. In addition, PRs of animals in the low and the medium dose groups on days of the conditioning and the two-bottle test were analyzed by two-way ANOVA. Main effect was the injections (saline and LiCl) and the CS (doses), and repeated factor was the experimental procedures (conditioning and test). While animals in both saline and LiCl injection subgroups of the high dose group did not access to the xylene solution at all, the PR and the total liquid consumption in this group were not statistically analyzed. Absolute total liquid intakes on the conditioning and the two-bottle test were analyzed by one-way ANOVA in all xylene concentration groups. In consideration of the position effect of a cage of the rack, direct comparison between xylene solutions was not performed. Post hoc comparisons were made with Dunnett's test following significant main ANOVA effects to determine which LiCL injection group was different from the control group. The level of statistical significance was set at *p*\<0.05. Data are expressed as mean values ± SE. All statistical analyses were performed with SPSS statistical package software ver. 19.0 (IBM, Chicago, USA).

Results {#s3}
=======

Verification xylene concentration
---------------------------------

Relative concentrations of xylene solutions measured by the UV spectrophotometer were 0.66 ± 0.006, 1.11 ± 0.005, and 1.14 ± 0.11 in the low, the medium and the high concentration groups, respectively at the providing time to animals (30 min after preparation) ([Table 1](#tbl_001){ref-type="table"}). However, since the value of the low dose was below the minimum limit of detection, it was considered as a reference value. As shown in [Fig. 1](#fig_001){ref-type="fig"}, the decrease of concentration of the measured solution by time progress showed a linear fashion in each group. Changes of xylene concentrations by time progress calculated with a least squares method in the high and the medium doses were expressed as these approximate expressions as follows;Table 1.Relative Concentration of Xylene Solution on Time 0--240DoseTime (min.)03060120240High1.033 ± 0.061.138 ± 0.111.135 ± 0.111.067 ± 0.111.073 ± 0.08Medium1.044 ± 0.051.102 ± 0.001.025 ± 0.030.869 ± 0.060.681 ± 0.04Low\*1.338 ± 0.170.655 ± 0.060.702 ± 0.241.272 ± 0.010.878 ± 0.34Relative concentrations of xylene solutions with low, medium and high doses on time 0, 30, 60, 120 and 240 (min.), which were compared with the calculated concentration which was set to 1. Xylene solutions for measurements were prepared by the same dilution method in the present study. Absolute concentrations of solutions were measured by an ultra violet-visible (UV) spectrophotometer (UV-Vis-NIR Spectroscopy UV-3600; Shimadzu, Japan). All solutions were shaken overnight and measured with automatic cell driver and spectrum cell design system equipped with quart cells with wavelength ranging 230--300 nm, slit width 2.0 nm, and sampling pitch 0.05 nm.\*Although concentrations of the Low dose were detected, they were judged as reference values because they were below a determination limit.Fig. 1.Concentration changes of xylene by the time progress.Concentrations of measured xylene solutions by the UV spectrophotometer at 0, 30, 60, 120 and 240 min after the solution preparation. Horizontal axis means time/min, vertical axis means preference ratio of xylene solution calculated as follows; the volume consumed from the bottles containing the xylene solution was divided by all drink consumption (the drink volume of solution of xylene plus usual drink water).The medium and the low dose solutions were diluted from the high dose solution with the same method as the conditioning and two-bottle test in the present study. Expected concentrations of the high, the medium and the low were 117, 11.8 and 1.2 ppm, respectively. Lines on the top, the middle and the bottom mean approximate expressions of the high, the medium and the low dose. ■; high dose, ●; medium dose, ♦; low dose. Each concentration is expressed as means ± SD.

Y=−0.012x+120.60 (for the high dose group)

Y=−0.022x+13.08 (for the medium dose group)

Y and x mean concentration and time progress, respectively.

Decrease rates were very small in all groups even 4 h after the solution preparation.

We calculated concentrations of xylene vapor in the high and the middle doses were about 23.04 and 2.30 ppm (v/v), respectively. Although the calculated concentration of the low dose was 0.23 ppm (v/v), it was taken as reference value because the value was below the minimum limit of detection.

COA response
------------

Body weights of animal on all dates were not significantly different between the control and LiCl subgroups in each xylene concentration (data not shown).

There was no significant difference in water consumptions on the third day of bottle training among groups (F=1.367, *p*=0.255, [Table 2-A](#tbl_002a){ref-type="table"}). PRs on the day of conditioning were not different between saline and LiCl injection in both the low and the high xylene solution groups ([Table 2-B](#tbl_002b){ref-type="table"}). On the other hand, two-way ANOVA revealed significant effects of injection (F=12.616, *p*\<0.001) and interaction of injection×CS (F=10.082, *p*\<0.005) in PR on the day of the two-bottle test ([Table 2-C](#tbl_002c){ref-type="table"}). A marginally significant effect of CS was also emerged (F=3.979, *p*=0.052) in the PR. There were significant differences in the total liquid intake on days of the conditioning and the test among groups, showing effects of injection (F=10.649, *p*\<0.001) and concentration (F=18.310, *p*\<0.001). Also, a marginally significant interaction effect of US×experimental procedure revealed (F=2.542, *p*=0.083). Post hoc test revealed that animals in the LiCl injection subgroup drank significantly smaller amount of liquid as compared with than that of animals in saline injection subgroup.Table 2.Liquid intakes of animals on the third day of bottle training, conditioning and two-bottle test.(A) Liquid intakes of animals on the third day of bottle training.Xylene solution (ppm)Injection (ml)Bottle trainingWater (ml)1Saline19.9 ± 6.0LiCl22.6 ± 4.710Saline15.4 ± 3.0LiCl15.8 ± 3.7100Saline17.4 ± 5.8LiCl16.0 ± 6.2(B) Liquid intakes of animals on the day of conditioning procedure.Xylene solution (ppm)InjectionConditioning procedureXylene (ml)Water (ml)Total (ml)Preference ratio1Saline7.5 ± 7.910.3 ± 6.017.8 ± 8.70.4 ± 0.3LiCl5.7 ± 5.77.3 ± 6.012.9 ± 8.50.5 ± 0.310Saline12.1 ± 9.915.2 ± 8.127.3 ± 14.10.4 ± 0.2LiCl5.9 ± 5.1\*13.0 ± 4.118.9 ± 7.7\*0.3 ± 0.2100Saline0.0 ± 0.017.8 ± 5.017.8 ± 5.00.0 ± 0.0LiCl0.0 ± 0.016.4 ± 7.016.4 ± 7.00.0 ± 0.0(C) Liquid intakes of animals on the day of two-bottle test.Xylene solution (ppm)InjectionTwo-bottle testWater (ml)Xylene (ml)Total (ml)Preference ratio1Saline8.5 ± 3.88.0 ± 5.016.5 ± 4.00.5 ± 0.2LiCl9.3 ± 7.66.8 ± 5.516.1 ± 5.20.4 ± 0.410Saline12.0 ± 3.013.5 ± 2.325.5 ± 3.50.5 ± 0.1LiCl17.8 ± 5.02.3 ± 1.7\*20.1 ± 5.70.1 ± 0.1100Saline13.4 ± 6.70.0 ± 0.013.4 ± 6.70.0 ± 0.0LiCl9.8 ± 7.20.0 ± 0.09.8 ± 7.30.0 ± 0.0Liquid intakes (ml) of animals (A) on the third day of bottle training, on days of (B) conditioning procedure and (C) two-bottle test. Group means ± SD of water consumptions (ml) on the third day of the bottle training, conditioning and two-bottle test were indicated. Also xylene consumptions (ml) on the conditioning and two-bottle test were shown with Group means ± SD. In addition, preference ratios on conditioning and two-bottle test were indicated. The low, the medium and the high dose groups provided expected concentrations 1, 10 and 100 ppm xylene solutions, respectively. The numbers of animals in the low, medium and high dose groups were 12. In each group there were two subgroups, injected 1 ml of saline (n=6) and LiCl (n=6). The concentration of LiCl diluted with saline was 0.3 M. \*means *p*\<0.05 (vs. saline injection animals in the same group).

Discussion {#s4}
==========

In the present study, we examined the validity of the COA procedure in rat using odor stimulus. We focused on the discrimination sensitivity of animals against low doses of organic solvent and examined the function of odor of xylene as the CS under the procedure.

As the xylene consumption was significantly lowered as compared with that of control, animals injected 0.3 M LiCl in the medium dose group might recognize the difference between usual drink water and medium dose of the xylene solution functioned as the CS. Animal in the low dose group did not distinguish water and xylene solution. In the high dose group, since animals did not drink xylene solution even on the day of conditioning, they might disgust and avoid the solution because of the smell. These results imply that 0.86 (low dose) ppm was too low and 86 ppm (high dose) was too high to establish the COA in the present study and that the threshold for establishment of the conditioning using xylene as the odor CS may exist around 8.6 ppm. Though the value was relative one, the threshold of xylene was determined with the procedure established in the present study. As we thought that concentration of xylene in the bottle space was almost equal to concentration of xylene in nasal cavity of rat, xylene concentrations in bottle spaces were calculated, assuming that all the xylene in solution volatilized to the bottle space. Therefore, calculated values were thought as maximum concentration. It was considered that actual xylene concentrations in bottle spaces were far lower than calculated values. In addition, solution concentration in each dose group at time 0 was almost the same as the assumed concentration, and xylene in solution was hardly decreasing in time progress. Threshold of xylene, 2.30 ppm, is higher than that of toluene as compared with the result of toluene threshold determined by Hojo *et al.*[@bib_014]^)^. While methodologies of calculation of concentration were different, it is difficult to direct comparison.

In human, the olfactory threshold of xylene is 0.05 ppm, on the other hand, calculated concentration of high, medium and low dose groups were 23, 2.3 and 0.23 ppm, respectively. So we concluded that the conditioning procedure using odor stimulus instead of taste as the CS is a useful tool for examining preference or aversion of chemicals.

The xylene solution was diluted with usual drink water by the method employed in the present study. Although it was possible that the drink water contained some small amount of xylene, we used the drink water because the solution had to be consumed by animal. As the purpose of this study was to make rats consume xylene solutions and distinguish each dose, the control of concentration was not regarded as the most important issue. As a result, rats showed a different response to each concentration. In addition, since the concentration in the high dose was thought to be stable the most among groups, the concentration in the head space of the bottle during 30--60 min after the solution making was calculated. Xylene solutions diluted with the method in the present study measured by the UV spectrophotometer were approximately about 1/10 and 1/100 of the highest dose, respectively. Therefore, change of concentration of xylene solution in each dose group by the time process is thought negligible. Although concentration measured by the spectrophotometer in each dose group was not the same as the expected one, we thought that the range of concentrations from low and high doses were broad enough to be able to distinguish as different dose for rats. Taken together, we concluded that the diluted method used in the present study did not disturb the purpose of the present study, and that animals discriminated the difference of concentration of xylene because of the different response to each dose. These results implied that xylene can be a useful stimulus as the CS even if it was used as solution under the COA procedure.

The concentrations of xylene used in the present study were thought to be extremely low as compared with a number of animal studies using xylene as a carcinogen[@bib_033], [@bib_034]^)^. Therefore, it is thought that the conditioned response (avoid medium dose of xylene solution) in the medium group of the present study was caused by the effect of the COA, not toxic effect or addiction of the xylene itself. In addition, as the result revealed that sensitivity to discriminate function against organic solvents in rat was quite high, the COA in the present study would be able to apply to other organic solvent discrimination.

Previous experimental animal studies have reported that odor aversions were weaker than taste aversion[@bib_035], [@bib_036]^)^. However, results in the present study indicated that low level of odor stimulus (xylene) functions CS under conditioned adverse learning. It is not surprising because previous studies reported that animals rapidly learn to avoid smells associated with malaise[@bib_037], [@bib_038]^)^ and discrimination ability of mice against toluene was more than 100 times as compared with human[@bib_014]^)^. Therefore, we concluded that animals showed high sensitivity for discrimination against concentration of xylene and that xylene functioned as the CS. Though we measured concentration of xylene in the empty space of the drink bottle, actual xylene concentration in nasal cavity of rat should be measured for determining threshold of xylene.

Olfactory stimulation with toluene, xylene and other organic solvents elicit a bust of beta-frequency (15--30 Hz) electroencephalogram activity (fast waves) in the dentate gyrus and olfactory bulb of male rats[@bib_039], [@bib_040]^)^. The area is elicited by smells of predators, but not other odorous substances including food, rat vaginal secretions and rat excrement. Usually, xylene solution is noxious, at least not the pleasurable substance for rats. It is noteworthy that the COA was established even if noxious organic solvent was used as the CS. It may be possible to determine effectual olfactory thresholds of unknown or disgust odor using animals.

In the present study, because a chemical characteristic of xylene is insoluble in water and the concentration of xylene was below the detection limit value in the manufacture method in this experiment, xylene solution was defined as the 'odor' stimulus instead of the taste. However, there were some concerns by using xylene in solution as odor CS. Because xylene is one of the most common organic solvents in workplace, and the common route of exposure is inhalation, xylene gas would be the suitable for the aim of the present study. If we used organic solvents as gas, control of concentration, especially in the case of using very low dose of solvent, is problematic. In the present study, we focused on the validity of the COA procedure using very low dose of organic solvent as the CS. Therefore, it is thought that the COA used in the present study may be one of useful procedures to investigate olfaction of animal. At the same time, a method of conditioning which used VOCs as gas stimulus should be established and examined in the further experiment. If the odor stimulus would be presented as gas, we can show the stimulus as odor. We would like to examine the conditioning which examine the sense-of-smell using odor stimulus from now on.

Conclusions {#s5}
===========

Animals might discriminate against low, medium and high dose xylene solutions. Animals may have high sensitivity to odor of organic solvents. At least medium dose of xylene solution functioned as the conditioned odor stimulus. We concluded that the COA used in the present study may be one of useful procedures to investigate olfaction of animal.
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